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METHOD AND APPARATUS FOR PROVIDING HIGHER RESOLUTION IMAGES
IN AN EMBEDDED DEVICE

BACKGROUND
Field of the Invention

n Embodiments of the present invention generally relate to embedded
devices and, more particularly, to a method and apparatus for providing higher
resolution images in an embedded device using a super resolution technique.

Description of the Related Art

A user of a camera device may “take a picture” of an object by generating
a digital image of the object in particular image resolution. Generally, a digital image
includes pixel data that represents the object and image resolution refers to an
amount of detail for the digital image. Occasionally, the digital image generated by
the camera device may be distorted. For example, handshaking {e.qg., camera jitter)
may cause distortions (e.g., blurring) in the digital image.

Sometimes, a super resolution technique may be used to mitigate the
effects of handshaking. The super resolution technique is configured to produce a
higher resolution image from one or more lower resolution images. The super
resolution technique predicts the missing details (e.qg., pixel data) from the lower
resolution images using motion estimation and deblurring techniques. The missing
details are applied to the one or more lower resolution images to produce the higher
resolution image.

Currently, the super resolution techniques are not performed on an
embedded device due to processor and memory limitations. An embedded device
may be a device with a built-in camera, such as a mobile phone, a Personal Digital
Assistant (PDA), a “smart phone” and the like. Due to size restrictions, the
embedded device is limited to a particular amount of memory devices and/or
processor resources. The raw and uncompressed images are considerably large in
size and consume a significant amount of the memory. As a result, there are too
many images for the processor to perform the super resolution technique while the
embedded device is being used.
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Currently, the super resolution techniques are performed offline on the
embedded device prior to synchronization in which the lower resolution images may
be saved into a device memory. Processing is done offline prior to transferring lower
resolution images from the embedded device to another device (e.g., a computer).
The user, however, is not able to view a high resolution image on a lower resolution

screen.

Therefore, there is a need in the art for providing higher resolution images
in an embedded device.

SUMMARY OF THE INVENTION

Embodiments of the present invention comprise a method, an apparatus
and an embedded device for providing higher resolution images by performing a
super resolution techniqgue on a compressed image sequence using one or more
motion vectors. In one embodiment, a method for using a video compression
technique to enable super resolution in an embedded device comprises compressing
an image sequence using a video compression technique, wherein the image
sequence comprises a plurality of lower resolution images and applying a super
resolution technique to the compressed image sequence to generate a higher

resolution image.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

Figure 1 is a block diagram of an embedded device for performing a super
resolution technique on a compressed image sequence to produce a higher

resolution image, in accordance with one or more embodiments;



(14) JP 2010-50976 A 2010.3.4

Figure 2 is a flow diagram of a method for using a video compression
technique to enable super resolution in an embedded device, in accordance with one
or more embodiments;

Figure 3 is a flow diagram of a method for compressing a plurality of lower
resolution images to enable super resolution on an embedded device, in accordance
with one or more embodiments;

Figure 4 is a flow diagram of a method for generating an difference image,

in accordance with one or more embodiments; and

Figure 5 is a flow diagram of a method for compressing an image
sequence at a sensor of an embedded device, in accordance with one or more

embodimenits.

DETAILED DESCRIPTION

Figure 1 is a block diagram of an embedded device 100 for performing a
super resolution technigue on a compressed image sequence to produce a higher
resolution image according to one or more embodiments of the present invention.
The compressed image sequence may be compressed using a lossless or a near-

lossless video compression technique.

The embedded device 100 may be a mobile phane, a camera phone, a
smart phone, a Personal Digital Assistant (PDA)), such as those generally known in
the art. The embedded device 100 includes a microprocessor 102, various support
circuits 104, a memory 106, a camera unit 108 and a super resolution unit 110. The
microprocessor 102 facilitates data processing and storage. The various support
circuits 104 facilitate the operation of the microprocessor 102 and include at least
one of clock circuits, power supplies, cache, input / output circuits, and the like. The
memory 106 comprises at least one of Read Only Memory (ROM), Random Access
Memory (RAM), disk drive storage, optical storage, removable storage, and the like.
The memory 106 includes a control module 115, a software codec 116 and lower
resolution images 118. Generally, the software codec 116 includes software code
for compressing an image sequence using a lossless video compression technique
(e.g., Huffman-compressed YUV, CorePNG and the like) or near lossless video
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compression technique (e.g., DV compression, FastCodec and the like). [n one
embodiment, the software codec 116 employs an inter-prediction technique to
process a sequence of raw images. The software codec 116 can estimate motion
vectors between consecutive images using a motion vector estimation technique.
Various motion estimation techniques that can be used by the software codec 116
are known in the art. In one embodiment, the software codec 116 divides a lower
resolution image of the lower resolution images 118 into multiple pixel blocks and
performs inter-prediction and compression on a biock-by-block basis. In some
embodiments, the camera unit 108 may include a hardware codec 114 that performs
the functionality of the software codec 116 in hardware.

In one embodiment, the camera unit 108 includes a commercially available
embedded image generation device (e.g., a built-in camera). By the way of example
and not as a limitation, the camera unit 108 is used to capture multiple raw images
as an image sequence (e.g., uncompressed image sequence). The camera unit 108
includes a sensor 112 (i.e., an image sensor). In one embodiment, the sensor 112
stores the captured image sequence into the memory 106 as the lower resolution
images 118. In another embodiment, the sensor 112 converts the captured image
sequence into an electric signal that may be communicated to various portions of the
embedded device 110 via the microprocessor 102. For example, the sensor 112
may communicate with the super resolution unit 110.

Generally, the super resolution unit 110 is a component of the embedded
device 100 that includes a resolution enhancement module 120 and a local memory
122. The local memory 122 comprises at least one of a Read Only Memory (ROM),
a Random Access Memory (RAM), disk drive storage, optical storage, removable
storage, and the like. The local memory 122 includes a compressed image sequence
124, motion vector information 126 and a higher resolution image 128. In one or
more embodiments of the present invention, the super resolution unit 110 stores the
compressed image sequence 124 and the motion vector information 126 as created
through the use of the hardware codec 114 or the software codec 118. As described
further below, the resolution enhancement module 120 applies one or more super
resolution techniques on the compressed image sequence 124 and the vector
information 126 in order to generate the higher resolution imager 128. Various super
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resolution techniques that are known in the art can be used with the invention.
Notably, the resolution enhancement module 120 applies the super resolution
technique(s) without completely recovering the lower resolution images 118 from the
compressed image sequence 124,

According to various embodiments of the present invention, the control
module 115 includes software code for managing the creation of the high resolution
image 128 from a raw, uncompressed image sequence of lower resolution images.
In operation, the control module 115 coordinates the compression of the raw images
and the application of the super resolution technique on the compressed image
sequence 124. In one embodiment, the control module 115 executes the software
codec 116 to compress the lower resolution images 118 and stores the compressed
image sequence 124 in the local memory 122. Accordingly, the lower resolution
images 118 may be removed in order to free memory resources. In one
embodiment, the compressed image sequence 124 includes a reference image (e.g.,
a first image of the image sequence), one or more motion vectors and one or more
difference images (e.g., pixel data representing the difference between an original
image and a predicted version of the original image based on the reference image).
The reference image and/or the one or more difference images may be compressed
using a lossless compression technique. A motion vector estimation technique may
be employed to determine the one cr more motion vectors. For purposes of clarity
by example, the compressed image sequence 124 is described herein as having a
single reference image. Those skilled in the art will appreciate that the compressed

image sequence 124 may include multiple reference images.

In some embodiments, an original image is any image in the
uncompressed image sequence. A reference image is one of the original images.
For a difference image, a predicted image is formed by computing motion vectors
with respect to the reference image, and then motion compensating a reconstructed
version of the reference image using the motion vectors. The difference image is
formed by subtracting the predicted image from the original image being coded. This
inter-prediction may be performed on a block-by-block basis for each original image
in the sequence after the reference image. In this manner, the compressed image

sequence 124 and the motion vector information 126 are produced. While specific
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embodiments of inter-prediction are described herein, those skilled in the art will
appreciate that the software codec 116 and/or the hardware codec 114 may perform
other inter-prediction processes similar to those described herein, such as inter-
prediction used in the Moving Picture Experts Group (MPEG) standards known in the
art.

According to one embodiment, handshaking of the embedded device 100
may cause one or more differences between the lower resolution images that form
the uncompressed image sequence. The lower resolution images may be generated
from an identical scene but include different pixel data for representing the identical
scene due to movements (i.e., shaking) of the embedded device 100. Because the
pixel data may differ, one lower resolution image may include additional details not
captured in another lower resolution image. Accordingly, details from two or more

lower resolution images may be combined to produce a high resolution image.

According to various embodiments of the present invention, the resolution
enhancement module 120 performs one or more super resolution technigues on the
compressed image sequence 124 to generate the higher resolution image 128.
According to one embodiment, the super resolution technique(s) include temporal
interpolation and/or spatial interpolation of the reference image and the difference
images. For example, the super resolution technique(s) interpolate missing details
of the scene from the reference image, the motion vectors and the difference images.
Subsequently, the resolution enhancement module 120 uses the missing details to
improve the resolution of the reference image.

In one embodiment, the compressed image sequence is not completely
decoded to recover all of the lower resolution images 118 prior to the application of
the super resolution techniques by the resolution enhancement module 120. In other
words, the super resolution technique is not performed on a decoded image
sequence (e.g., the lower resolution images 118 according to one or more
embodiments of the present invention. The super resolution technique may be
performed directly on the compressed image sequence 124. In one embodiment,
the resolution enhancement module 120 performs the super resolution technique on
the compressed image sequence 124 at a block level (i.e., blocks of pixels at a time).

That is, given the reference image, motion vectors and difference images, the

6



(18) JP 2010-50976 A 2010.3.4

resolution enhancement module 120 can begin decoding the compressed image
sequence 124 on a biock-by-block basis. The super resolution techniques can then
be applied as each bloc.k is decoded to produce the higher resolution image 128. By
performing super resolution on a block-by-block basis, the resolution enhancement
module 120 does not have to wait for all of the original images to be decoded and
does not have to store all of the original images in memory.

In one embodiment, the motion vector information 126 inciudes data
regarding motion vectors (e.g., two-dimensional motion vectors) between the
reference image and subsequent images in the sequence. Each motion vector
provides an offset from coordinates in a reference image to coordinates in a next
image. In one or more embodiments, the motion vectors are determined at sub-pixel
accuracy (e.g., one-hundredth of a pixel) by the software codec 116 or the hardware
codec 114. The resolution enhancement module 120 uses the sub-pixel accurate
motion vectors to generate the higher resolutioh image 128 from the reference image

and the difference images at a block level according to one embodiment.

According to one embodiment, the camera unit 108 and the super
resolution unit 110 cooperate to generate the higher resolution image 128 from the
lower resolution images 118. By the way of example and not as limitation, the
sensor 112 of the camera unit 108 captures muitiple lower resolution images, which
are stored as the lower resolution images 118. The software codec 116 compresses
the lower resolution images 118 using a lossless or near lossless video compression
technique. During the compression stage, the software codec 116 also computes
motion vectors between consecutive lower resolution images in the image sequence

at sub-pixel accuracy

Optionally, the sensor 112 includes a hardware codec 114. In one or more
embodiments of the present invention, the hardware codec 114 is a component that
implements a lossless or a near lossless video compression technique. In one
embodiment, the hardware codec 114 divides a lower resolution image of the lower
resolution images 118 into multiple pixel blocks. In operation, as raw images are
captured by the sensor 112, the hardware codec 114 compresses the image
sequence using the lossless or a near lossless video compression technique with
inter-prediction, as described above with respect to the software codec 116. As a

7
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result, the compressed image sequence 124 is generated and stored in the super
resolution unit 110. According to one embodiment, the resolution enhancement
module 120 applies a super resolution technique on the compressed image
sequence 124 and generates the high resolution image 128. In one embodiment,
the hardware codec 114 enables the performance of the lossless or near lossless
video compression technique on the image sequence before storage in the memory
106. Consequently, memory space is saved because the lower resolution images

118 do not need to be stored in order to produce the high resolution image 128.

Figure 2 is a flow diagram of a method 200 for using a video compression
technique to enable super resolution in an embedded device and to generate a
higher resolution image according to one embodiment. The method 200 starts at
step 202 and proceeds to step 204, where an image sequence (e.g., a plurality of
lower resolution images) is stored in a local memory (e.g., the local memory 122 of

Figure 1).

At step 206, the image sequence is compressed using a lossless video
compression technique with inter-prediction. In another embodiment, a near lossless
video compression codec is used to compresses the image sequence. At step 208,
a super resolution technique is applied to the compressed image sequence (e.g., the
compressed image sequence 124 of Figure 1). At step 210, a higher resolution
image (e.g., the higher resolution image 128 of Figure 1) is generated. At step 212,
the method 200 ends. In one embodiment, the resolution enhancement module
(e.g., the resolution enhancement module 120 of Figure 1) applies the one or more
super resolution technique on a reference image, one or more motion vectors and

one or more difference images as described above.

Figure 3 is a flow diagram of a method 300 for compressing a plurality of
lower resolution images to enable super resolution on an embedded device
according to one embodiment. The method 300 starts at step 302 and proceeds to
step 304, where a plurality of lower resolution images is accessed from a memory

(e.g., the memory 106 of Figure 1).

At step 306, a reference image (i.e., a first image of the lower resolution
images) is processed (e.g., compressed using a lossless or near lossless algorithm).

8
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At step 308, a next image (i.e., a next lower resolution image) is obtained. At step
310, a motion vector between the next image and the reference image is determined.
In one embodiment, the motion vector estimation technique determines motion
vectors at sub-pixel accuracy. At step 312, a difference image is generated. The
difference image represents one or more differences (i.e., errors) between the next
image and prediction of the next image derived from the reference image, as
described above.

At step 314, a determination is made as to whether there is a next image
in the image sequence to be processed. If, it is determined that there is a next image
in the image sequence 1o be processed (Option “Yes”) the method 300 proceeds to
the step 308. If, at step 314 it is determined that no more images in the image
sequence are to be processed (option ;‘NO”), the method 300 proceeds to step 316.
At step 316, the reference image, the motion vectors and the difference images are
stored. In one embodiment, the reference image, the motion vectors and the
difference images constitute the compressed image sequence, which is transmitted
to a super resolution unit (e.g., the super resolution unit 110 of Figure 1) of an
embedded device. In another embodiment, the reference image and/or the
difference images are compressed using a lossless compreassion technique before
storage. At step 318, the method 300 ends.

Figure 4 is a flow diagram of a method 400 for generating a difference
image according to one embodiment. The method 400 starts at step 402 and
proceeds to step 404, where a reference image and motion vectors are processed.
At step 406, a prediction of an image being coded is generated from the reference
image and the motion vectors. In one embodiment, a codec predicts the image
being coded by applying the motion vectors to the first image (e.g., a previously
coded and reconstructed image). At step 408, the predicted image is subtracted
from the image being coded (e.g., observed or actual image). At step 410, a
difference image is computed. At step 412, the difference image is compressed. At
step 414, the method 400 ends.

Figure 5 is a flow diagram of a method 500 for compressing an image
sequence at a sensor of an embedded device according to one embodiment. The

method 500 starts at step 502 and proceeds to step 504, where a plurality of lower
9
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resolution images is captured. The lower resolution images are stored into a memory
(e.g., the memory 106 of Figure 1) as uncompressed, raw image sequence. At step
506, the plurality of lower resolution images is compressed using a hardware codec.
In one or more embodiment, the hardware codec may implement a lossless or near-
lossiess hardware codec with inter-prediction, as described above. At step 508, the
compressed plurality of lower resolution images is converted into an electric signal.
At step 510, the electric signal is transmitted to a super resolution unit (e.g., the
super resolution unit 110 of Figure 1) and stored. The method 500 ends at step 512.

Thus, various embodiments of the present invention have been provided.
The various embodiments of the present invention may advantageously enable
super resolution in an embedded device. Further, the inventive method and
apparatus may be utilized to operate directly on the compressed lower resolution
image sequence. Further, the various embodiments may reduce an amount memory
and processor resources that is required for optimal or efficient use of the embedded

device.

While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A method for using a video compression technique to enable super resolution
in an embedded device, comprising:

compressing an image sequence using a video compression technique,
wherein the image sequence comprises a plurality of lower resolution images;
and

applying a super resolution technique to the compressed image sequence to
generate a higher resolution image.

2. The method of claim 1, wherein compressing the image sequence further

comprising:
capturing the plurality of lower resolution images at a sensor; and

compressing the plurality of lower resolution images using a hardware
component of the sensor that implements the video compression technique.

3. The method of claim 1, wherein compressing the image sequence further
comprising:

storing the plurality of lower resolution images; and

applying the video compression technique to the stored plurality of lower
resolution images.

4. The method of claim 1, wherein compressing the image sequence further
comprising determining motion vectors between a reference image and at least one
additional image of the image sequence.
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5. The method of claim 4, wherein compressing the image sequence further
comprising applying the motion vectors to the reference image to predict the at least

one additiona! image.

6. The method of claim 5, wherein compressing the image sequence further
comprising computing a difference image between the at least one additional image
and the prediction of the at least one additional image, respectively.

7. The method of claim 6, wherein compressing the image sequence further
comprises compressing the difference image using a lossless video comprassion
technique.

8. The method of claim 6, wherein compressing the image sequence further
comprises compressing the difference image using a near lossless video
compression technique.

9. The method of any of claims 1-8, wherein applying the super resolution
technigue further comprising mapping pixel data that forms at least a portion of the
plurality of lower resolution images to pixel data that forms the higher resolution

image.

10. The method of any of claims 1-8, wherein applying the super resolution

technique further comprises:

interpolating pixel data for the higher resolution image using the compressed
image sequence and at least one mation vector, wherein the compressed image

sequence comprises at least one difference image and a reference image; and
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combining the reference image with determined pixel data to form the higher
resolution image.

11. An apparatus for using a compression technique to enable super resolution in
an embedded device, comprising:

a control module for applying a compression technique to an image sequence

that comprises a plurality of lower resolution images; and

a resolution enhancement module for performing a super resolution technique
on the compressed image sequence to produce a higher resolution image.

12. The apparatus of claim 11 further comprising a lossless codec for
compressing the plurality of lower resolution images using a lossless compression

technigque.

13. The apparatus of claim 12, wherein the lossless codec applies a motion

estimation technique to generate at least one motion vector at'sub-pixel accuracy.

14. The apparatus of claim 11 further comprising a near lossless codec for
compressing the plurality of lower resolution images using a near lossless

compression technigue.

15. The apparatus of any of claims 11-14, further comprising:

a camera unit for capturing the plurality of lower resolution images.
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ABSTRACT

A method and apparatus to providing higher resolution images on an embedded
device by performing a super resolution technique on a compressed image
sequence and one or more motion vectors are described. In one example, the
method includes compressing an image sequence using a video compression
technique, wherein the image sequence comprises a plurality of lower resolution
images and applying a super resolution technique to the compressed image

sequence to generate a higher resolution image.

At 00
O]
i
START }—— 202
< = wn
8| __ S5 E STORE AN IMAGE SEQUENCE k« 204
o r 9 =
:‘ w = a8
e | ; S ‘
= | S Q1 @O
5|, 88T COMPRESS THE IMAGE SEQUENCE USING A 206
g9 2o | VIDEO COMPRESSION TECHNIQUE )
w oy
o
APPLY A SUPER RESOLUTION TECHNIQUE TO 208
THE COMPRESSED IMAGE SEQUENCE
(=] o™ = «© «©
S 8 &8 §& 8§ I
( ( ! ( l/ o l GENERATE A HIGHER RESOLUTION IMAGE |—~ 210
[-_- T T 1 -
Sl 818 [l B || Mg
S 383 AEMIERIE 2 (END y—212
E|E=ZY S| o0Cl|9F ||auw w
2 /5ds GjiomZ||W 20 8
3 lRCcalfews|0U > § W< e O
2 2 23|z g FIG. 2
a | Q [e] o x s a .
W | AL E Uil 8o||g= o
e @3 S| EG||ES||E 3
o & S| = Q= |z o
u Q 9 s
8 (8] I
CR-
1 o
© w O =z S
‘o_l J)|la|8
2 a [
31181||2a 8
> | = w (o] >
g ] [+4 ﬂ 3 lé"'
o= ||xs
= | E x = o
w = w w
HEUERE 8
31|8|3 2
=
w




300

302

ACCESS A PLURALITY OF LOWER RESOLUTION
IMAGES

304

!

PROCESS A REFERENCE IMAGE

I

L
;

| PROCESS A NEXT IMAGE

!

L DETERMINE MOTION VECTOR DATA

!

‘ GENERATE A DIFFERENCE IMAGE

314
YES

NEXT?

NO

STORE THE REFERENCE IMAGE, THE MOTION
VECTORS AND THE DIFFERENCE IMAGES

— 316

318

FIG. 3

500

CAPTURE A PLURALITY OF LOWER RESOLUTION
IMAGES

!

COMPRESS THE PLURALTIY OF LOW RESOLUTION
IMAGES USING A HARDWARE CODEC

i

CONVERT THE COMPRESSED PLURALITY OF LOW
RESOLUTION IMAGES INTO AN ELECTRIC SIGNAL

!

TRANSMIT THE ELECTRIC SIGNAL TO A SUPER
RESOLUTION UNIT

504

r— 506

— 508

— 510

(26)

JP 2010-50976 A 2010.3.4

400

402

L

PROCESS A REFERENCE IMAGE *',\ 404

!

L

PREDICT A NEXT IMAGE

',_\ 406

!

SUBTRACT THE PREDICTED IMAGE FROM
THE REFERENCE IMAGE

— 408

!

COMPUTE A DIFFERENCE IMAGE

}’«410

!

COMPRESS THE DIFFERENCE IMAGE

17«412

FIG. 4



	biblio-graphic-data
	abstract
	claims
	description
	drawings
	overflow
	foreign-language-body

